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[57] ABSTRACT 

A low sound loudspeaker system is constructed of an 
acoustic pipe extending from the back side of a loud- 
speaker unit, an air chamber provided at the front side 
of the loudspeaker unit, and a bass reflex port provided 
within the air chamber. The acoustic pipe communi- 
cates with the air chamber via the aperture of the acous- 
tic pipe. 

11 Claims, 6 Drawing Sheets 
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pipe is provided, and the partition plate forms an inner 
LOW SOUND LOUDSPEAKER SYSTEM and upper surface of the acoustic pipe at the area from 

one end to the other end of the acoustic pipe. 
This application is a continuation of Ser. No. In the low sound loudspeaker system constructed as 
07/593,658, filed Oct. 5, 1990, now abandoned. 5 above, the acoustic pipe is mounted at the outside of the 

_____ _ „ ____ TvrtmvrrTrtv loudspeaker enclosure, and is made flexible. 

FIELD OF THE INVENTION Furthermore, the direction of radiating sounds from 

The present invention is related to low sound loud- the loudspeaker unit differs approximately 90 degrees 
speaker systems. from the direction of the bass reflex port. 

- _ -"^-^--t-. ~- ™ m ™^T 10 The resonance frequency of the bass reflex port is set 
BACKGROUND OF THE INVENTION at substantia]ly the same frequency where the half 

There are known conventional low sound loud- wavelength stands in the acoustic pipe, 

speaker systems such as disclosed in U.S. Pat. No. According to the structure of the second aspect of 

4,064,966, U.S. Pat. No. 4,628,528, and Japanese Laid- this invention, a partition plate for defining the air 

Open No. 63-120586. 15 chamber and acoustic pipe is provided, and the partition 

FIGS. 1A and IB show examples of the structure of plate forms an inner and upper surface of the acoustic 

above-described prior art loudspeaker systems. pipe at the area from one end to the other end of the 

Above-described prior art loudspeaker systems have acoustic pipe. It is therefore possible to make compact 

a disadvantage that unnecessary high sounds in an the cabinet. 

acoustic pipe leak out of an aperture. 20 The acoustic pipe is mounted at the outside of the 
Furthermore, in above-described prior art low sound loudspeaker enclosure, and is made flexible. It is there- 
loudspeaker systems, the loudspeaker unit is disposed fore possible to make compact the cabinet. Since the 
facing in the direction indicated by arrow F same as that acoustic pipe is flexible, the degree of freedom of instal- 
of the sound radiation direction of the system. Accord- lation can be improved. 

ingly, as exemplary shown in FIG. IB, the thickness t of 25 Furthermore, the resonance frequency of the bass 
the cabinet is dependent upon the diameter d of the reflect port is set substantially at the same frequency 
loudspeaker unit so that there is associated with a diffi- where the half wavelength stands in the acoustic pipe, 
culty in providing a compact low sound loudspeaker Therefore, sounds radiated at the front side of the loud- 
system to be mounted on a vehicle. speaker unit become in phase with sounds radiated from 

The present invention has been made in consideration 30 the backside of the loudspeaker unit, at the area com- 

of the above problems. posed of the air chamber and the port. 

It is therefore an object of the present invention to Since the air chamber and the port constitute a bass 

provide low sound loudspeaker systems capable of fur- reflect type loudspeaker, low sound components are 

ther attenuating unnecessary high sound components. radiated efficiently to the outside. 

so^X*^ 35 BRIEF DESCRIPTION OF THE DRAWINGS 

thickness of a cabinet and mounting the loudspeaker FIGS. la-It shows the structure of a conventional 
system on a vehicle. low sound loudspeaker system; 

„_„ rx m A _,„, ^ „_, ,_^-. T _-._^ < _, FIG. 2 shows the structure of a fust embodiment of 

SUMMARY OF THE INVENTION m M& invention; 

According to a first aspect of this invention, the low FIG. 3 shows the structure of a second embodiment 

sound loudspeaker system is constructed of an acoustic of this invention; 

pipe extending from the back side of a loudspeaker unit, FIG. 4 shows the structure of a third embodiment of 

an air chamber provided at the front side of the loud- this invention; 

speaker unit, and a bass reflex port provided within the 45 FIGS. 5a-5£> shows the structure of a fourth embodi- 

air chamber, the acoustic pipe communicating with the ment of this invention; and 

air chamber via the aperture of the acoustic pipe. FIGS. 6 to 8 show the structure of a fifth embodiment 

In this system, the resonance frequency of the bass of this invention 

50 DETAILED DESCRIPnON OF THE 

According to this invention, the acoustic pipe is Jswiiuw 

adapted to communicate with the air chamber via an A first embodiment of a low sound loudspeaker sys- 

aperture of the acoustic pipe. Therefore, high sound tern of this invention is shown in FIG. 2. 

components generated by the loudspeaker unit are at- In FIG. 2, reference numeral 1 represents a loud- 

tenuated by the filtering effect of the air chamber. 55 speaker enclosure, 2 a loudspeaker unit, 3 an acoustic 

Furthermore, the resonance frequency of the bass pipe extending from the back la of the loudspeaker unit 

reflect port is set substantially at the same frequency 2, 4 partition plates defining the acoustic pipe, 5 an air 

where the half wavelength stands in the acoustic pipe. chamber formed at the front side lb of the loudspeaker 

Therefore, sounds radiated at the front side of the loud- unit 2, 6 a port making the air chamber 5 in communica- 

speaker unit become in phase with sounds radiated from 60 tion with the outside 7 of the loudspeaker enclosure 1, 

the backside of the loudspeaker unit, at the area com- and 8 an aperture of the acoustic pipe 3 at which the 

posed of the air chamber and the port. acoustic pipe 3 communicates, with the air chamber 5. 

Since the air chamber and the port constitute a bass The resonance frequency of the port 6 is set at sub- 
reflect type loudspeaker, low sound components are stantially the same frequency where the half wave- 
radiated efficiently to the outside. 65 length stands in the acoustic pipe 3. 

According to a second aspect of this invention, in the The frequency of the resonant bass reflex system 

low sound loudspeaker system constructed as above, a comprising air chamber 5 and port 6 at which the half 

partition plate for defining the air chamber and acoustic wavelength would stand in the pipe 3 is the frequency 
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having a wavelength equal to twice the length of the 
pipe 3. Thus, the specific resonant frequency of the bass 
reflex system will be set to be twice the resonant fre- 
quency of pipe 3. Wavelength and frequency are in- 
versely related. Therefore, the wavelength of the reso- 5 
nant frequency of the bass reflex system will be half the 
wavelength of the resonant frequency of pipe 3. Also, it 
is well-known in the art that an acoustic pipe has a 
resonant frequency with a wavelength of four times the 
length of the pipe. As a result, the length of the acoustic 10 
pipe 3 will be equal to half the wavelength of the spe- 
cific resonant frequency of the bass reflex system. 

In the low sound loudspeaker system constructed as 
above, a bass reflex type loudspeaker system B con- 
structed of the Air chamber 5 and the port 6 is provided 15 
at the front side 2b of the loudspeaker unit 2. Therefore, 
sounds radiated from the front side 2b of the loud- 
speaker unit 2 and introduced into the air chamber 5 are 
outputted to the outside 7 of the loudspeaker enclosure 
1, having low sound components of approximately the 20 
opposite phase and near to the resonance frequency of 
the port 6. 

In the meantime, sounds radiated from the back side 
2a of the loudspeaker unit 2 and guided via the acoustic 
pipe 3 to the aperture 8 have low sound components, at 25 
the aperture 8, of approximately the opposite phase to 
the phase at the back side 2a and of approximately the 
frequency where the half wavelength stands in the 
acoustic pipe 3 of the low sound loudspeaker system. 
~ Sounds passed through the acoustic pipe 3 are also 30 
introduced in the bass reflex type loudspeaker system B. 
In this bass reflex type loudspeaker system B, sounds 
from the front side 2b of the loudspeaker unit 2 and 
those from the back side 2a are added together, repro- 
ducing low sound components more efficiently. 35 

Reproduction efficiency is improved considerably 
because of the structure that the resonance frequency of 
the port 6 is set at substantially the same frequency 
where the half wavelength stands in the acoustic pipe 3. 

Sounds radiated into the acoustic pipe 3 are most 40 
emphasized at the frequency where the wavelength has 
two times as long as the length of the acoustic pipe 3, 
and radiated into the outside (air chamber 5) of the 
aperture 8. Sounds having a different frequency whose 
wavelength is a multiple in odd number of the length of 45 
the acoustic pipe 3 are also radiated in the outside of the 
aperture 3. In this case, however, such sounds have at 
the aperture 8 the opposite phase to that at the front side 
2b so that they are canceled by the sounds at the front 
side 2b of the loudspeaker unit 2, whereas other sounds 50 
are introduced into the air chamber 5. Consequently, 
high sound components are efficiently attenuated by the 
filtering effect of the air chamber 5. 

Furthermore, since the air chamber 5 and the acous- 
tic pipe 3 are communicated with each other via the 55 
aperture 8, the equivalent length of the acoustic pipe 3 
becomes longer and the equivalent volume of the air 
chamber 5 becomes large, thereby broadening the low 
sound bandwidth. 

FIGS. 3 and 4 show the second and third embodi- 60 
ments of this invention. In the embodiment shown in 
FIG. 3, partition plates 4A are disposed to form two 
acoustic pipes 3 and 3A having their apertures 8 and 8A 
via which the acoustic pipes 3 and 3A and the air cham- 
ber 5 are communicated with each other. 65 

In the embodiment shown in FIG. 4, there are pro- 
vided two loudspeaker units 2 and 2A each having 
dedicated acoustic pipes 3 and 3A, respectively. The 



acoustic pipes 3 and 3A communicate with the air 
chamber 5 via corresponding apertures 8 and 8A. 

In the embodiments shown in FIGS. 3 and 4, the 
length of the acoustic pipes 3 and 3A may be the same 
or different. The air chamber may be divided into two 
air chambers. 

According to the above embodiments, in a low sound 
loudspeaker constructed of an acoustic pipe extending 
from the back side of the loudspeaker unit, an air cham- 
ber formed at the front side of the loudspeaker unit, and 
a bass reflect port provided in the air chamber, the 
acoustic pipe is adapted to communicate with the air 
chamber via an aperture of the acoustic pipe. Therefore, 
high sound components generated by the loudspeaker 
unit are attenuated by the filtering effect of the air 
chamber. 

Furthermore, the resonance frequency of the bass 
reflect port is set substantially at the same frequency 
where the half wavelength stands in the acoustic pipe. 
Therefore, sounds radiated at the front side of the loud- 
speaker unit become in phase with sounds radiated from 
the backside of the loudspeaker unit, at the area com- 
posed of the air chamber and the port. 

Since the air chamber and the port constitute a bass 
reflect type loudspeaker, low sound components are 
radiated efficiently to the outside. 

In summary, the advantages of the embodiments of 
this invention shown in FIGS. 2 to 4 are as follows: 

(1) unnecessary high sound components can be con- 
siderable attenuated; 

(2) reproduction efficiency of low sounds can be 
improved; and 

(3) since an opening of the loudspeaker system is only 
one, the freedom of location thereof can be im- 
proved. 

Furthermore, the system of this invention is simple in 
structure and cost effective, allowing easy installation. 

FIGS. 5A and 5B, show the fourth embodiment, 
wherein FIG. 5A is a sectional view and FIG. 5B is a 
sectional view taken along line A — A' of FIG. 5A. 

In FIGS. 5A and 5B, reference numeral 1 represents 
a loudspeaker enclosure, 3 a partition plate mounted 
within the loudspeaker enclosure 1, 2a the back side of 
the loudspeaker unit 2, 2b the front side of the loud- 
speaker unit 2, 4 an acoustic pipe extending from the 
back side 2a of the loudspeaker unit 2, 4c pipe defining 
plates mounted between the partition plate 3 and the 
loudspeaker enclosure 1 for defining the acoustic pipe 4, 
4b one end of the acoustic pipe 4, and 4c the other end 
of the acoustic pipe, one inner and upper surface of the 
acoustic pipe 4 being defined by the partition plate 3 in 
the area from the one end 4b to the other end 4c thereof. 

Reference numeral 5 represents an air chamber 
formed at the front side 26 of the loudspeaker unit 2 and 
defined by the loudspeaker enclosure 1 and the partition 
plate 3, 6 a port for making the air chamber 5 in commu- 
nication with the outside 7 of the loudspeaker enclosure 
1, and 8 an aperture formed at the other end 4c of the 
acoustic pipe 4. This aperture 8 is formed in the parti- 
tion plate 3 and serves to make the acoustic pipe 4 in 
communication with the air chamber 5. 

The resonance frequency of the port 6 is set at sub- 
stantially the same frequency where the half wave- 
length stands in the acoustic pipe 4. 

In the low sound loudspeaker system constructed as 
above, a bass reflex type loudspeaker system B con- 
structed of the air chamber 5 and the port 6 is provided 
at the front side 2b of the loudspeaker unit 2. Therefore, 
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sounds radiated from the front side 2b of the loud- from the front side 12b of the loudspeaker unit 12 and 
speaker, unit 2 and introduced into the air chamber 5 are those from the back side 12a are added together, repro- 
outputted to the outside 7 of the loudspeaker enclosure ducing low sound components more efficiently. 
1, having low sound components of approximately the Reproduction efficiency is improved considerably 
opposite phase and near at the resonance frequency of 5 because of the structure that the resonance frequency of 
the port 6. the port 15 is set at substantially the same frequency 

In the meantime, sounds radiated from the back side where the half wavelength stands in the acoustic pipe 
2a of the loudspeaker unit 2 and guided via the acoustic 16. 

pipe 4 to the aperture 8 formed at the other end 4c have In the fifth embodiment, with the structural arrange- 
low sound components, at the aperture 8, of approxi- 10 ment of the loudspeaker unit 12, acoustic pipe 16, and 
mately the opposite phase to the phase at the back side air chamber 14 as described above, the dimension t2 of 
la and of approximately the same frequency where the the loudspeaker enclosure 1 can be made small, 
half wavelength stands in the acoustic pipe 4 of the low A plurality of apertures 13c and 14J> may be formed 
sound loudspeaker system. to thereby further improve the freedom of installation. 

Sounds passed through the acoustic pipe 3 are also IS In this case, it is needless to say that non-use apertures 
introduced in the bass reflex type loudspeaker system B. should be closed. 

In this bass reflex type loudspeaker system B, sounds If the length of the acoustic pipe 16 is made variable, 
from the front side 2b of the loudspeaker unit 2 and the sound quality can be adjusted, allowing various 
those from the back side 2a are added together, repro- customized applications. 

ducing low sound components more efficiently. 20 According to the low sound speaker system shown in 

Reproduction efficiency is improved considerably FIGS. 5 to 8, the above structural arrangement makes 
because of the structure that the resonance frequency of the enclosure compact Therefore, the system can be 
the port 6 is set at substantially the same frequency easily installed below a vehicle seat, 
where the half wavelength stands in the acoustic pipe 4. Since the acoustic pipe is mounted outside of the 

With the structural arrangement of the loudspeaker 25 enclosure, it may be made smaller. Furthermore, since 
unit 2, acoustic pipe 4, and air chamber 5 as described the acoustic pipe is flexible, the degree of freedom can 
above, the dimension tl of the loudspeaker enclosure 1 be further improved in installing the system within a 
can be made small. small space of a vehicle. 

FIGS. 6 to 8 show the fifth embodiment, wherein Provision of a bass reflect type loudspeaker system 
FIG. 6 is a perspective view, FIG. 7 is a sectional view, 30 composed of the air chamber and port enables efficient 
and FIG. 8 is a front view. radiation of low sound components to the outside of the 

In FIGS. 6 to 8, reference numeral 11 represents a enclosure, 
loudspeaker enclosure, and 12 a loudspeaker unit. The Furthermore, the system of this invention is simple in 
loudspeaker unit 12 is mounted between a small air structure and cost effective, allowing easy installation, 
chamber 13 and an air chamber 14 such that sounds 35 What is claimed is: 

radiated to the back side 12a of the loudspeaker unit 12 1. A low frequency loudspeaker system comprising: 
are introduced into the small air chamber 13 and sounds a tuned acoustic pipe extending along its length in a 
radiated to the front side l$b of the loudspeaker unit 12 sound propagation direction from the back side of 

are introduced into the air chamber 14. a loudspeaker unit; 

A port 15 is mounted within the air chamber 14. 40 an air chamber provided at the front side of said 
Between an aperture 13a formed in the wall of the small loudspeaker unit; and 

air chamber 13 and an aperture 14a formed in the wall a bass reflex port provided within said air chamber to 
of the air chamber 14, there is connected a flexible constitute a bass reflex system with a specific bass 

acoustic pipe 16. reflex resonance frequency; 

The resonance frequency of the port 15 is set at sub- 45 said acoustic pipe extending to said air chamber via 
stantially the same frequency where the half wave- an aperture of said acoustic pipe, and having a 

length stands in the acoustic pipe 16. cross-section that is substantially constant over its 

In the low sound loudspeaker system constructed as length and said length being equal to half the wave- 

above, a bass reflex type loudspeaker system B con- length of the specific bass reflex resonance fre- 

structed of the air chamber 14 and the port 15 is pro- 50 quency. 

vided at the front side 126 of the loudspeaker unit 12. 2. A low frequency loudspeaker system according to 
Therefore, sounds radiated from the front side 12b of claim 1, wherein the resonance frequency of said bass 
the loudspeaker unit 12 and introduced into the air reflex port is set at substantially the same frequency 
chamber 14 are outputted to the outside 17 of the loud- ' where the half wavelength stands in said acoustic pipe, 
speaker enclosure 11, having low sound components of 35 3. A low frequency loudspeaker system according to 
approximately the opposite phase and near at the reso- claim 1, wherein a partition plate is provided having 
nance frequency of the port 15. first and second sides for defining said air chamber and 

In the meantime, sounds radiated from the back side said acoustic pipe with the first side facing the air cham- 
12a of the loudspeaker unit 12 and guided via the acous- ber and the second side facing the acoustic pipe such 
tic pipe 16 to the air chamber 14 have low sound com- 60 that said second side forms an inner surface of said 
ponents, near at the aperture 14a, of approximately the acoustic pipe through the length of said acoustic pipe, 
opposite phase to the phase at the back side 12a and of 4. A low frequency loudspeaker system according to 
approximately the same frequency where the half wave- claim 3, wherein the resonance frequency of said base 
length stands in the acoustic pipe 16 of the low sound reflex port is set at substantially the same frequency 
loud speaker system. 65 where the half wavelength stands in said acoustic pipe. 

Sounds passed through the acoustic pipe 16 are also 5. A low frequency loudspeaker system according to 
introduced in the bass reflex type loudspeaker system B. claim 1, wherein the system further includes an enclo- 
In this bass reflex type loudspeaker system B, sounds sure enclosing said air chamber and said loudspeaker 
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unit and said acoustic pipe extends from rearward] y of 
said loudspeaker unit to said air chamber outside of the 
enclosure, and is made flexible. 

6. A low frequency loudspeaker system according to 
claim 5, wherein the resonance frequency of said bass 5 
reflex port is set at substantially the same frequency 
where the half wavelength stands in said acoustic pipe. 

7. A low frequency loudspeaker system comprising: 

a loudspeaker unit; 10 
a bass reflex structure comprising an air chamber and 
port, which is provided at a front side of said loud- 
speaker unit and has a specific bass reflex resonance 
frequency; and 
an acoustic pipe provided at the back side of said 15 
loudspeaker unit and extending along its length in a 
sound propagation direction to an outlet in the air 
chamber of said bass reflex structure, a cross-sec- 
tion of the pipe being substantially constant over its 
length and said length being equal to half the wave- 20 



length of the specific bass reflex resonance fre- 
quency. 

8. A low frequency loudspeaker system according to 
claim 7, wherein the length of said pipe extends laterally 
to the loudspeaker unit. 

9. A low frequency loudspeaker system according to 
claim 8, wherein said acoustical pipe is a flexible tube. 

10. A low frequency loudspeaker system according to 
claim 7 wherein the bass reflex structure and the loud- 
speaker unit are constructed as a unit forming a speaker 
enclosure, and said acoustical pipe is a flexible tube 
mounted extending from rearwardly of the loudspeaker 
unit to said air chamber outside said enclosure. 

11. A low frequency loudspeaker system according to 
claim 10 wherein the bass reflex port is located at a front 
side of the loudspeaker system corresponding in orien- 
tation to the front side of said loudspeaker unit and said 
flexible tube extends generally outward to a side of said 
loudspeaker system other than the front side thereof. 



25 



30 



35 



40 



45 



50 



55 



60 



65 



04/02/2003, EAST Version: 1.03.0002 



